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Abstract In this study, the process of producing compost

from rural separated solid wastes using aerated static piles

(ASP) and vermicomposting was investigated which was

carried out from September 2015 to January 2016. A

combination of waste ingredients, conditions, processing

duration, analysis of key parameters (moisture, pH, tem-

perature and C/N ratio) governing the process, the quality

of the final product and economic assessment was con-

sidered. Six piles were created in the ASP method, and six

piles were loaded in vermicomposting pits in which the

Eisenia foetida species was used. Three piles in each

method (odd piles) contained 100% putrescible wastes,

while the rest of three piles (even piles) contained 75%

putrescible wastes and 25% cow dung. The total coliform

reductions in both kinds of waste compositions were

observed. Heavy metals such as lead, cadmium and nickel

were not found in any of the piles. Comprehensive statis-

tical analysis, including the comparison of the variables,

correlation among variables and analysis of variance, was

performed for the measured parameters. Comparing the

final product with standards showed that composting

proceeded satisfactorily in both methods. There were no

issues such as bad smells or rodents during the study. An

approximate chemical empirical formula calculated for the

organic fraction of the composts generated in vermicom-

post pits and ASP was C15.1H22.4O7.7N and

C15.2H21.5O14.3N, respectively. Economic assessment

showed that net present value in the internal rate of return

for producing compost using aerated static piles was equal

to 12.4%; for vermicomposting, it was 5.4%.

Keywords Aerated static piles � Vermicompost � C/N ratio �
Economic assessment

Introduction

Studies conducted in rural areas and small communities in

Iran show the necessity of proper management of organic

wastes to meet the current challenges and future needs of

local residents. About 30% of Iran’s population is con-

centrated in rural areas and so more attention to the rural

environment is necessary. Currently, more than 10,000 tons

of waste is produced daily in rural areas, which about

52.4% of its components are putrescible and have good

potential to be converted into compost. Using this potential

for the recovery of putrescible materials (more than 5000

tonnes per day) to organize the rural waste management

system by rural municipalities is one of the important

issues in rural solid waste management in the country,

especially in recent years (IMRMO 2010). A report pre-

pared by Iranian Municipalities and Rural Municipalities

Organization (IMRMO) in 2016 indicates that household

waste production is about 10,500 tons per day, and its

putrescible component is about 54–55%. Stability is one of

the most important properties of compost obtained from the
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organic fraction of municipal solid wastes. This property is

essential for the application of compost to land to avoid

further field degradation and emissions of odours, among

others (Barrena et al. 2014). Transporting organic wastes

into inappropriate landfill sites has increased environmen-

tal pollution in most rural areas. Converting organic wastes

into compost and reducing the volume of wastes trans-

ported to landfills play a significant role in reducing envi-

ronmental pollution in rural areas, especially in villages

located in coastal areas. ASP composting eliminates the

need to turn the compost pile by inducing airflow into the

piles. Furthermore, ASP composting dramatically reduces

the cost of composting operations (fuel, labour and

equipment maintenance) (Tchobanoglous and Kreith

2002). In this study, the ASP method was used to recover

the rural waste. ASP composting is well suited to most

types of feedstock including green wastes, kitchen wastes,

bio-solids and all varieties of animal manure. Aerobic

conditions will be maintained throughout the compost pile,

and temperature will be controlled in ASP by adjusting the

amount of airflow. This will accelerate the composting

process and help to produce high-quality compost that is

free of pathogens, parasites and weed seeds. There is the

possibility to control unpleasant odours and insects in this

technology (Bertoldi et al. 1996; Brown and Gage 2015).

On the other hand, vermicomposting has a lot of properties

because if properly treated, it will have good benefits to use

in rural agricultural lands and will be a perfect solution for

keeping the soil system alive and active (Abdoli and

Roshani 2007). The large quantity of animal manure is

difficult to be completely utilized in a limited nearby arable

land, and fresh animal manure is also not suitable for land

application because of its containing pathogens, unsta-

ble nutrients and transportation cost issues (Qian et al.,

2014). Choosing the appropriate technology (ASP, vermi-

composting) is very important for rural municipalities in

terms of the quality of the finished compost, time required

for producing compost, ease of preparation and lower costs.

Composting technologies and control systems have reached

an advanced stage of development, but these are too

complex and expensive for most agricultural practitioners

for treating livestock slurries. The development of simple

but robust and cost-effective techniques for composting

animal manures and solid wastes is therefore required to

realize the potential benefits of waste sanitation and soil

improvement associated with composted livestock manures

(Brito et al. 2012). Temperature, aeration and types of the

input materials regulate the process of co-composting.

Most widely used co-composted materials are animal

manures with agro-wastes or solid waste. Co-composting

produces a valuable compost material that can be used as

valuable soil amendment. The process of the co-compost-

ing and control of the composting factors are the current

challenges for the researchers. There are different factors

that govern the quality, stability and the maturity of the co-

compost in terms of amount of plant nutrients and reduc-

tion in heavy metals. Among these, C/N ratio is a param-

eter that can affect the loss of plant nutrients (Anwar et al.

2015). Therefore, in this study, the performance of the ASP

method to produce compost in rural areas is evaluated and

then compared with the performance of vermicompost in

terms of different compositions of input materials, compost

maturation, physical, chemical and biological properties of

the final products as well as the economic assessment of

these methods. The research was conducted in the village

of Sooleghan, located in Tehran County.

Materials and methods

The pilot used in this study consists of 12 piles, six piles

used in ASP resembles triangular shapes and six piles in

vermicomposting pits. The odd piles (Numbers 1, 3 and 5)

contained 100% putrescible wastes, and even piles (Num-

bers 2, 4 and 6) contained 75% putrescible wastes and 25%

cow dung in each method. To estimate the variables related

to process maturity and identify reading errors in a better

manner, three replications in each method were used. In the

static method, to create piles, a compost pad with a length

of 10 m, a width of 2 m and a proper slope to drain the

possible leachate was established. In this method, the size

of piles was equal to 1.5 9 1 9 0.9 m (Fig. 1a). An

appropriate roof was established to prevent excess moisture

from rainfall or loss due to evaporation by the sun.

It is to be noted the volume of material loaded in both

methods is the same and equal to 0.675 cubic metres for

each pile. Aeration pipes’ diameter, the holes’ diameter and

their spacing (the distance between holes in the same row)

were calculated to be 3.3, 1 and 10 cm, respectively. The

perforated section of the aeration pipe was considered

about 1.1 m and was embedded in a porous base of gravel

and wood chips, � the width of the pile (25 cm), to avoid

clogging the holes. For proper distribution of air in the

aeration pipes, 24 holes in two rows at 5 and 7 o’clock,

facing downward (at an angle of 60� between the rows),

have been considered in each pipe. The number and size of

the holes should provide a total area equal to two times the

cross-sectional area of the pipe (Alberta Environment &

Olds College 1999). Based on the elemental analysis of

three samples of the input waste and using the obtained

analytical data, the approximate chemical empirical for-

mula calculated for rural organic wastes was C24.5 H36.8

O28.8 N. Next, using the formula of aerobic stabilization of

organic wastes (Tchobanoglous and Kreith 2002), aerator

pump capacity was calculated to be 2.1 m3/min. For ele-

mental analysis of the samples, an automated thermal
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elemental analyser (Costech Analytical Technologies-

Model: Eager300-EA1112) was used. This high-tempera-

ture combustion system provides immediate results in the

conversion of substances into gases. A small amount of

sample in a capsule drops inside an oxidation/reduction

reactor kept at a temperature of 1000 �C (Razmjoo et al.

2015). To prepare the samples, 10 mg of dried and milled

samples was encapsulated by aluminium foil and placed

into the auto-sampler stages of the elemental analyser. The

instrument was calibrated before introducing the samples.

In this study, to produce vermicompost, six rectangular

pits with internal dimensions of 1.35 9 1 9 0.5 m were

constructed using Eisenia foetida species as composting

worms. The vermicomposting site plan is shown in Fig. 1b.

For circulating the air into the vermicomposting piles,

some holes were made in the walls between pits, and also,

the pits bed was prepared for the activity of the composting

worms by putting cartons and cardboards. Pre-compost is

necessary to avoid earthworm mortality (Mupondi et al.

2011).

Finally, after loading the 12 piles in both systems, the

process of composting within 112 days was monitored. For

25 non-consecutive days, four variables—moisture, pH,

ambient temperature and temperatures of the piles—were

measured in situ by laboratory equipment (Lutron moisture

meter, Model MS-7011, pen type AZ pH meter, Model

8685 and Lutron thermometer, Model TM-914C). To

measure these variables, the protocol of testing methods

provided by TMECC (2002) was used. To determine the

C/N ratio, 25 samples were taken at the desired dates and

sent to the laboratory for measurement.

The necessary tests to determine the physical/chemical

and microbial characteristics of the input wastes and fin-

ished compost have been conducted on the samples. The

emitted ammonia was measured by the ammonia gas

detector tube and GASTEC pump model 801. Based on the

designed amount of air required for aeration, a regular

schedule for aeration control (blower working in the

morning and afternoon) has been performed by a 24-h

analogue timer device (theben). Compost sampling was

performed under the terms and the protocol provided by

‘TMECC-02.01’ instructions, entitled ‘Field sampling of

compost materials’, subsection (02.01-A), version 2002

(Brinton et al. 2012; WEL 2016; TMECC 2002). To

evaluate data descriptive statistics (mean and standard

deviation) and the correlation of measured parameters in

Fig. 1 a ASP and

b vermicomposting site plan
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the composting process (through the parametric Pearson

test and the nonparametric Spearman test), SPSS software

version 23 was used. To compare the relationship between

parameters at different stages of composting, ANOVA was

used.

Results and discussion

The average density for input organic wastes was measured

equal to 383 kg/m3. For samples with a mixture of 75%

organic wastes and 25% cow dung (decomposed for

5 days), the amount of density was measured about 422 kg/

m3. To determine the characteristics of the input material,

four samples including two samples of 100% putrescible

wastes and two samples of the mixture of 75% organic

waste and 25% cow dung, as well as a sample of only cow

dung, were taken and sent to the laboratory. The results are

shown in Table 1.

Physical analysis of wastes produced in the village due

to the sampling conducted in the summer, indicates that

about 58% of input wastes used in composting site are

putrescible and have a density of 383 kg/m3. As it is shown

in Table 1, the amount of pH, total coliforms, faecal col-

iforms and parasite eggs in samples included 25% cow

dung is more than other samples. In contrast, carbon-to-

nitrogen ratio in samples included 25% cow dung is less

than the other two samples because of more nitrogen

content in cow dung.

Cow manure (with initial moisture content 45%) used in

this study had a pH of 7.8 and total nitrogen equal to 1.81.

K2O, P2O5 and EC were about 1.42, 0.54% and 18.9 Ds/m,

respectively. These outputs are in agreement with the

results presented by Huang et al. (2017). The C/N ratio of

the cow dung itself is in low ratio which is good to help the

compost in the maturity process (Kadir et al. 2016).

Table 2 indicates the results of the ultimate analysis

(CHNS-O) of three input wastes and also of three final

compost samples, as well as the C/N ratio of the samples

and the calculated empirical formula.

The results of the thermal elemental analysis of the

samples presented in Table 2 show that the average ele-

mental carbon content in matured vermicompost is about

21.60% and in ASP final product is 21.49% (a decrease of

36% compared to the raw materials in both products). In

the case of hydrogen and oxygen, reduction in the final

products is about 37 and 72% for vermicompost and 40 and

49% for ASP. Elemental sulphur content in both input

wastes and mature compost samples was less than 0.5%;

however, in some samples, the analyser did not allow an

accurate estimate of the sulphur content due to lack of

precision. These results are in agreement with the results of

a similar research conducted by Komilis et al. (2012). The

formula of the final organic product obtained was

C15.1H22.4O7.7N for vermicompost and C15.2H21.5O14.3N for

ASP that, in comparison with the chemical formula of the

input waste, have lighter molecular structure. The changes

in the composition during the biodegradation process and

the final waste composition are strictly dependent on the

process conditions (Liwarska-Bizukojc and Ledakowicz

2003).

Statistical analysis of the measured data

Descriptive statistics of the measured data—moisture, pH,

temperatures of the piles and the C/N ratio—based on the

waste components (100% waste/75% waste and 25% cow

dung) are provided in Table 3. As can be seen in this table,

the average temperature of the masses loaded in the ASP

method is about 3.94 �C higher than the average temper-

ature of the vermicompost masses. This can be due to the

aeration of the masses in the ASP method. The average

Table 1 Specifications of input organic wastes after separation

Sample

number

Sample

weight

(Kg)

Sample specifications Moisture

(%)

pH C/N

ratio

Total coliform

(MPN/gww)

Faecal coliforms

(MPN/gww)

Salmonella Parasite

eggs (N/

gww)

1 1 100% household

organic waste

78 5.4 31 2.3 9 107 ([ 1000) 2 9 104 ([ 1000) Negative 33

2 1 100% household

organic waste

78 5.6

3 1 75% household organic

waste ? 25% cow

dung

76 6.3 29.1 1.4 9 108 ([ 1000) 1.1 9 106 ([ 1000) Negative 41

4 1 75% household organic

waste ? 25% cow

dung

77 6.1
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temperature of the even and odd piles in the ASP method

was obtained about 4.24 �C and 3.65 �C, respectively,

higher than the similar piles loaded in the vermicomposting

method. It is observed that in both methods in the masses

included 25% of cow dung the mean of temperature

changes is slightly higher than that of odd-numbered

masses.

The average of pH changes in vermicompost pits is also

slightly higher than the aerated static piles. The highest

mean of measured pH is related to the masses containing

25% of cow dung in the vermicompost method. Due to the

activity of earthworms, the average moisture content of

vermicompost masses has been measured higher than the

ASP masses. The average C/N ratio of the ASP masses has

been determined more than the average of the C/N ratio of

vermicompost masses. The highest average of C/N ratio

was recorded in the masses containing 100% of household

organic wastes in ASP.

The moisture in the process of composting in terms of

the comparison between different odd and even piles in

both methods is shown in Fig. 2. Static piles’ moisture

varied from 75 to 80% at the beginning of the process in

accordance with the composition of each pile.

The moisture content of ASP reached about 35–38% at

the end of the process. In case of vermicomposting masses,

the moisture begins within the range of 77–79% (pits

loading) and then decreases to about 50% at the end of the

process. In aerated static piles, while maintaining humidity

Table 2 Elemental analysis of

samples and approximate

chemical formula of raw waste

and final composts

Sample number C % H % N % S % Ash % O % C/N ratio Chemical formula

Input organic waste

1 37.04 4.35 1.49 0 7.75 49.37 24.86 C24.5H36.8O28.8N

2 31.42 4.13 1.89 0.04 7.74 54.78 16.62

3 32.50 4.37 1.49 0 7.77 53.87 21.81

Average 33.66 4.28 1.62 0.01 7.75 52.68 21.10

SD 2.43 0.11 0.19 0.02 0.013 2.37 3.40

Final vermicompost

1 21.67 2.80 1.72 0.47 58.74 14.60 12.60 C15.1H22.4O7.7N

2 24.24 2.98 1.82 0.40 59.10 11.46 13.32

3 18.90 2.30 1.43 0.40 59.34 17.63 13.22

Average 21.60 2.69 1.66 0.42 59.06 14.57 13.05

SD 2.18 0.29 0.17 0.03 0.25 2.52 0.32

Final ASP product

1 20.66 2.44 1.75 0.40 46.95 27.80 11.81 C15.2H21.5O14.3N

2 22.20 2.75 1.61 0.40 46.34 26.70 13.79

3 21.61 2.52 1.60 0.43 47.06 26.78 13.51

Average 21.49 2.57 1.65 0.41 46.78 27.10 13.04

SD 0.63 0.13 0.07 0.01 0.32 0.5 0.87

Table 3 Results of mean values and standard deviations of the measured parameters during the composting process

Composting method Piles components C/N ratio Piles temperatures pH Moisture (%)

Mean SD Mean SD Mean SD Mean SD

ASP 100% waste 19.48 6.451 26.30 16.462 6.983 0.9660 54.933 9.1656

75% waste 18.93 5.909 27.41 17.734 7.009 0.8330 54.653 8.9238

Total 19.20 6.167 26.85 17.062 6.996 0.8990 54.793 9.0162

Vermicomposting 100% waste 18.13 6.204 22.65 12.275 7.149 0.9888 58.773 6.4338

75% waste 17.49 6.121 23.17 12.681 7.296 0.8922 58.867 7.3931

Total 17.81 6.147 22.91 12.441 7.223 0.9415 58.820 6.9069

Total 100% waste 18.81 6.339 24.47 14.587 7.066 0.9777 56.853 8.1235

75% waste 18.21 6.035 25.29 15.511 7.153 0.8721 56.760 8.4358

Total 18.51 6.184 24.88 15.036 7.109 0.9259 56.807 8.2674
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within a reasonable range, it was observed thermophilic

phase conditions prevailed during the days 8–24 and that

the piles had the optimum temperature for thermophilic

bacteria activity. In the vermicompost process, ther-

mophilic phase moves with a lower slope than the static

method and has been at the minimum operating tempera-

ture range (25–45 �C) for thermophilic bacteria activity.

Conditions for piles containing 25% cow dung are slightly

better than piles containing 100% organic wastes. Compost

moisture content had an influence on the temperature

during the composting process, especially during the later

stages of monitoring when the external temperature was

higher (Storino et al. 2016).

The pH increased in all samples during the composting

period. Earthworms and micro-organisms are able to

change the soil pH (Suthar et al. 2015). Intense microbial

activity and decomposition of organic matter resulted in the

formation of ammonium and increased pH of the compost.

In the final stages, the activity of micro-organisms affecting

the decomposition increased during the process of aerobic

metabolism and in the presence of sufficient moisture

which results in the production of alkaline products. At this

stage, pH has been fixed and in some piles a little decreased

which could be attributed to the production of CO2 due to

the metabolic activities of earthworms and micro-organ-

isms in vermicomposting pits and ASP (Amouei et al.

2017). The results of temperatures and the C/N ratio during

the composting process as the comparison between dif-

ferent compositions (odd and even piles) in both ASP and

vermicomposting are provided in Figs. 3 and 4. By the

analysis of variance and using the software SPSS, the

combined effects of factors on each variable was examined.

By studying the significance level of the Fisher test, it was

observed the individual effect of aeration (Sig. = 0.000

and F = 18.730) on the dependent variable moisture was

significant. It means that statistically the average of mois-

ture content between different levels of aeration was not

similar and invariant. The individual effect of waste per-

centage (Sig. = 0.920 and F = 0.010) was not significant

on the dependent variable moisture. It means that the

moisture average was statistically invariant and uniform

between different levels of the waste percentage.

As can be seen in both compost production methods

(Fig. 4), the C/N ratio has decreased mainly due to the

conversion of organic carbon into carbon dioxide.

According to the results of the measured parameters, it has

been cleared that the average of the C/N ratio of the piles in

the static method is more than that of vermicompost. The

main reason for this can be related to more use of cow dung

(which has less C/N ratio) in the vermicomposting piles. In

addition, the average C/N ratio in odd piles (100% of

organic wastes) is more than of the even piles (75% organic

wastes and 25% of cow dung) in each of the two methods.

The average C/N ratio in odd piles in the ASP method is

more than that of the same piles in the vermicompost piles.

This is true for even piles as well.

The combined effect of aeration and waste percentage is

not significant on the dependent variable moisture content.

Therefore, statistically speaking, the moisture average in

different levels and the combined effect of aeration and

waste percentage was not different because the Sig. value

is more than 0.05 and is equal to 0.841. In addition, the

coefficient ‘R Squared’, whose adjusted value is equal to

0.05, indicates that these two factors could explain that

about 5% of the variance in moisture was variable.

The individual effect of aeration (Sig. = 0.034 and

F = 4.532) on the dependent variable pH was significant.

It means that the average of pH between different levels of

aeration was not similar and invariant. In other words, with

a confidence of 95%, the pH value is different at different

Fig. 2 Changes in moisture contents between different piles, a ASP (SD1,3,5 = 9.16/SD2,4,6 = 8.92) and b vermicomposting (SD1,3,5 = 6.43/

SD2,4,6 = 7.39)
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levels of aeration. The individual effect of waste percent-

age (Sig. = 0.416 and F = 0.663) was not significant on

the dependent variable pH. So, the average of pH between

different levels of waste percentage was invariant. Com-

bined effect of aeration and waste percentage is not sig-

nificant on the dependent variable pH. As a result, the pH

average in different levels and the combined effect of

aeration and waste percentage was not different because

the Sig. value was more than 0.05 and was equal to 0.573.

The adjusted value of the coefficient ‘R Squared’ in this

study was 0.008. Higher pH levels in the vermicompost

system compared to static piles are directly related to worm

castings. Excretion of calcium from calcium glands into the

food and soil and passing through the worms’ intestine and

digestive system causes an increase in pH. In addition to

intestinal secretions, production and secretion of ammonia

by the action of worms is also effective. Increasing the pH

level in vermicomposting piles may indicate the reduction

in oxygen level in contrast to the ASP.

The individual effect of aeration on the dependent

variable piles’ temperature was significant. But the indi-

vidual effect of waste percentage and the combined effect

of these two factors on the dependent variable piles’ tem-

perature were not significant. So, the piles’ temperature

average at different levels and the combined effect of

aeration and waste percentage were not different because

the Sig. value was more than 0.05 and equal to 0.865. The

adjusted value of the coefficient ‘R Squared’ was found to

be 0.008. The domain of temperature changes in ASP is

greater than the temperature changes in vermicomposting.

The above figures show that in the thermophilic phase of

the static method, piles’ temperature reached to the border

of 60 �C, while the maximum temperature recorded in the

vermicompost pits is related to pile Number 6 and is about

Fig. 3 Changes in temperature (piles and environment), a ASP (SD1,3,5 = 16.4/SD2,4,6 = 17.7) and b vermicomposting (SD1,3,5 = 12.2/

SD2,4,6 = 12.6)

Fig. 4 Changes in the C/N ratio between different piles, a ASP (SD1,3,5 = 6.45/SD2,4,6 = 5.91) and b vermicomposting (SD1,3,5 = 6.20/

SD2,4,6 = 6.12)
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43 �C. The maximum temperature related to the ther-

mophilic phase in two methods differs by about 20 �C.
This is very important in eliminating pathogens and

harmful micro-organisms, causing intuitive differences in

the two methods. It is noteworthy that in both methods,

even piles (containing 25% of cow manure) in terms of the

average temperature are slightly more than of odd piles

(including only organic waste).

By measuring the temperatures at various depths and

areas of piles, it was observed that areas with higher tem-

perature were closer to the outer surface in case of vermi-

composting masses. This is owing to the higher humidity of

vermicompost in comparison with ASP. Because of the high

moisture at the centre of vermicompost piles, the develop-

ment of anaerobic conditions may happen.

The individual effect of aeration (Sig. = 0.075 and

F = 3.199), individual effect of waste percentage

(Sig. = 0.445 and F = 0.584) and the combined effect of

these two factors on the dependent variable of the C/N ratio

(Sig. = 0.952) were not significant. The adjusted value of

the coefficient ‘R Squared’ was found to be 0.003.

By using the Kolmogorov–Smirnov test, it is evident

that the data were not normal. Therefore, in order to study

the correlation between measured variables (moisture, pH

and mean of piles’ temperature) with carbon-to-nitrogen

ratio and also to show the relationship between the men-

tioned variables and the dependent variable (C/N ratio), the

dispersal graph was drawn. Finally, for determining sig-

nificant relationship between variables, parametric Pearson

and nonparametric Spearman tests were used. The results

of this analysis are presented in Table 4. This table shows

that in both ASP and vermicompost, there is a direct

relationship between the C/N ratio and the masses’ mois-

ture and also between the C/N ratio and the mean of piles’

temperature. In contrast, between the C/N ratio and pH,

inverse relationship is clear. Using one-way ANOVA

resulted in the fact that the C/N ratio at different levels of

composting process period with a confidence level of 95%

was different for both methods used in this study. During

the composting process, eight samples were taken by the

ammonia gas detector tube and the amount of NH3 emis-

sions was read. Ammonia gas emissions increasing along

with the rising temperature of the piles in the thermophilic

phase in both ASP and vermicomposting could be related

to deactivation and activity reduction in Nitrosomonas

bacteria at temperatures higher than 40 �C. During the

composting process (mesophilic phase) in both methods,

based on the recorded levels, the release of ammonia gas is

declining. This is because during the process, ammonia

nitrogen decreases and the amount of nitrate nitrogen

increase due to Nitrobacter activities (Haug 1996).

Field measurements show that the output of ammonia

concentration during the vermicomposting process is more

than the ASP. This can be due to more cow dung (as

bedding for the worms has been placed in all vermicom-

posting masses) compared to the static method and because

of the worms’ activity in the vermicompost piles and also

worms’ intestinal ammonia excretion (Abdoli and Roshani

2007; Munroe 2004). The maximum concentration of

ammonium and NH3 production in the piles is in the early

weeks when the percentage of organic matter in the masses

is in the maximum levels. The maximum emission of

ammonia gas in vermicompost piles was measured as

37 ppm and was 32 ppm in ASP. At the end of the process,

the amount of ammonia in the piles was in its minimum

levels so that it was nearly zero in the static method and

reached to the border 2 ppm in vermicomposting.

Comparison of microbial characteristics of finished

compost in two methods

In order to compare the microbial quality of matured

compost, four samples, including two samples of piles (5

and 6 of ASP) and two samples (pits 5 and 6), of the

Table 4 Pearson parametric and nonparametric Spearman test results for studying the relationship between the dependent variable C/N ratio and

other variables

Dependent

variable

Test Mean of piles’

temperature

pH Moisture

vermicompost ASP vermicompost ASP vermicompost ASP

C/N ratio Pearson (parametric) Pearson correlation 0.878 0.886 -0.943 - 0.933 0.887 0.854

Sig. (two-tailed) 0.000 0.000 0.000 0.000 0.000 0.000

N 126 126 126 126 126 126

Spearman (nonparametric) Spearman’s rho 0.890 0.878 - 0.885 - 0.912 0.857 0.909

Sig. (two-tailed) 0.000 0.000 0.000 0.000 0.000 0.000

N 126 126 126 126 126 126
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vermicomposting system have been taken. A comparison

of the two methods showed that the reduction in the

amount of total coliforms and faecal coliforms in both

systems has occurred, and this reduction in the static

method is more than vermicompost. The amount of faecal

coliforms in input wastes was significantly higher than

1000 MPN/g. (In samples containing 100% organic waste,

it was counted 2 9 104 MPN/gdw, while in the mixed

samples of organic waste and cow dung was measured

around 1.1 9 106 MPN/gdw.) This amount in the final

compost greatly reduced and reached 28 MPN/g in sample

‘ASP 6’ and less than 3 MPN/g in the other three samples.

In case of Salmonella, it was not detected in the final

product in both methods. Total coliforms in the final pro-

duct of vermicompost is 16 times of the product obtained in

ASP for 100% organic waste composition and nearly 180

times of ASP-finished compost for 75% organic waste

composition. The total coliform reduction in ASP piles

containing 100% organic wastes was observed about 3log,

and for vermicomposting piles, this reduction was about

2log. This reduction in piles containing 75% organic

wastes was considered about 4log for ASP and about 2log

for vermicomposting.

The reduction in parasite eggs in piles containing 100%

organic wastes for ASP was about 75.8% and was con-

sidered as about 24.2% for vermicomposting piles, and for

mixture of organic waste and cow dung (75% organic

wastes and 25% cow dung), about 95% was observed for

ASP and 90% for vermicomposting piles. Microbial char-

acteristics of final products obtained from two methods

were in the range of Iran standard No. 13321-1 (it is

classified in Category ‘A’ and could be used in agricultural

lands without restriction), US standard (USEPA 40CFR,

part 503) and Canadian standard (CCME 2005).

Temperature changes measured for aerated static piles

are in the ranges mentioned in both US and Canadian

standards (operating conditions of 55 �C or greater for at

least 3 days). For vermicomposting piles in this study,

because the masses’ temperature didn’t reach over 55 �C,
they are not in the range of the above standards.

Comparison of chemical characteristics of finished

compost in two methods

In both composting and vermicomposting processes, the

presence of heavy metals and different toxics substances

limits its land use without processing. The production and

application of compost potentially contaminate the envi-

ronment with heavy metals (Mohee and Soobhany 2014).

Comparison of the chemical quality of the finished prod-

ucts in both the studied methods showed that the organic

matter in matured vermicompost and ASP final compost

was 34.38 and 38.16%, respectively. The NH4–N/NO3–N

ratio was measured about 1.8 for vermicompost final pro-

duct and 1.95 for matured compost produced in ASP

method. The concentration of Cu in finished vermicompost

is nearly twice the static product (41.13 vs. 21.2 ppm), but

it is still within the allowable range of national and inter-

national standards. Other heavy metals (lead, cadmium and

nickel) in the final products were not recognizable due to

the lack of concentration. An important reason for the low

concentration of heavy metals is lack of industrial waste

entering the waste stream as well as organic waste sepa-

ration from other waste components of the village. K2O,

P2O5 and EC in final product of vermicompost were

measured about 1.32, 1.22% and 4.87 Ds/m, and those of

ASP final product were 1.75, 1.84% and 8.13 Ds/m,

respectively.

In ASP, the C/N ratio changes from 10.2 to 14.6 for the

final product with an average of 12.35. In return, the C/N

ratio for finished vermicompost changes from 10.3 to

approximately 13.8 with a total average of 12.05. The

summary of C/N and pH value determination is provided

in Table 5. These amounts of C/N ratio for the final

products are within the range of 10-15, which is ideal for

final stabilized composts (Kadir et al. 2016). The amount

of organic matter, C/N ratio, pH, moisture content and

heavy metal limits of final products in both methods (ASP

and vermicomposting) are in the ranges expressed in the

US standard. The organic matter content and cation

exchange capacity of final vermicompost were high,

indicating that it was rich in nutrients and therefore

suitable as organic amendment. These results are in

agreement with the results of a research conducted by

Alvarez-Bernal et al. (2016). CEC was measured about

100 and 96 meq/100 g for vermicompost and ASP-fin-

ished product, respectively.

In terms of electrical conductivity, the final product of

vermicompost is placed in an allowable range of the US

standard and is within the medium range (between 2 and

5 mmhos/cm), while the product obtained from the ASP

method is located in the lower-tier application: M-High.

This means that vermicompost compared to static final

compost requires less dilution for agricultural use in dif-

ferent applications. Higher values in ASP indicate a larger

amount of soluble minerals that may inhibit biological

activity or cause problems with land applications (if large

quantities of the compost are used). The NH4–N-to-NO3–N

ratio for ASP and vermicomposting the final product was

measured around 1.95 and 1.8, respectively, which are

placed within the range of USEPA limits for matured

compost.

Comparing with Canadian standards, the finished com-

post was produced in both methods and is within the

allowable range of these standards in terms of organic

matters such as the C/N ratio, pH, moisture and heavy
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metal limitation. It should be considered that both final

products are classified in Group B of the Canadian BNQ

Standard in terms of total organic matters, but both pass the

minimum amount of total organic matters in the compost

quality standard of Ontario (2012). In terms of electrical

conductivity, the finished vermicompost is almost within

the range of the compost quality standard of Ontario

(Canada), and the compost obtained from static piles is not

within the allowable range of this standard (Interim

Guidelines for the Production and Use of Aerobic Compost

in Ontario 2004).

Comparing the final product in the static method with

the Iranian national standard 10716 and the final product in

the vermicomposting method with the Iranian national

standard 13724 implies that the end product in both com-

posting methods is classified in Category A of the

standards.

Economic assessment of ASP and vermicomposting

High-quality compost should be produced to overcome the

cost of composting. The cost of composting of animal

manures can be considerably higher than the direct uti-

lization of raw manures (Bernal et al. 2009). After deter-

mining start-up (initial investment) and operational costs

for both methods, the net present value (NPV) and internal

rate of return (IRR) for the discount rate of 6%, tax rate of

7% and lifetime of 10 years were calculated using the

software COMFAR III.

The important assumptions used in the economic

assessment were: (1) the government does not allocate any

loan, (2) initial investment and construction materials’

costs and also the equipment used (blower, aeration pipes,

etc.) were determined in accordance with the pilot condi-

tions, (3) physicochemical and microbial experiments in

order to determine the specifications of input wastes and

monitoring of compost process were performed according

to the hypotheses and objectives stated in the study. The

costs of these tests were also considered in the economic

assessment, (4) current expenses (water, electricity and

labour costs) were considered in this assessment too, (5)

annual depreciation expenses for two methods of com-

posting were calculated based on initial set-up and oper-

ating costs and NPV was determined for both methods

separately.

Owing to the negative NPV value for the vermicom-

posting method and positive NPV for the static method, in

this discount rate, it can be stated that ASP will be more

attractive for private sector investor. The internal rate of

return in the vermicompostingmethod is equivalent to 5.4%.

In other words, if an investor’s expected return from the

investment amount is about 5.4%or less (i.e. at rates theNPV

to be positive), the investor is much more willing to invest in

producing compost using the vermicomposting method.

Table 5 Comparison the

average and standard deviation

of organic carbon, Kjeldahl

nitrogen, C/N and pH values in

the matured compost

Composting method OC % Kjeldahl nitrogen % C/N pH

ASP odd piles 23.41 (2.27)a 1.97 (0.12) 11.94 (1.29) 8.03 (0.05)

ASP even piles 26.29 (1.16) 2.17 (0.16) 12.80 (1.37) 8.07 (0.12)

Average (ASP) 24.85 (1.44) 2.02 (0.11) 12.35 (0.43) 8.05 (0.02)

Vermicomposting odd piles 24.32 (1.11) 2.13 (0.4) 11.7 (1.7) 8.23 (0.09)

Vermicomposting even piles 25.11 (0.96) 2.10 (0.16) 12.06 (1.4) 8.13 (0.12)

Average (vermicomposting pits) 24.72 (0.40) 2.12 (0.02) 12.05 (0.25) 8.18 (0.05)

aThe values in parentheses indicate the standard deviation of the data
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Fig. 5 Comparison of changes

in the net present value for both
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The internal rate of return in the static method is

equivalent to 12.4%, which represents that if the investors

expect output more than 12.4% of their investment funds,

the project will not be economically feasible for them. As a

result, the net present value at all discount rates for the

static method is more of the vermicomposting system. This

is also well confirmed in Fig. 5. In this figure, the black

curve (upper line) represents NPV in ASP, and the grey

curve (bottom line) represents NPV in vermicomposting

pits.

Conclusion

In total, the final compost produced in both methods which

was carried out from September 2015 to January 2016 had

dark brown–black colour and no unpleasant smell. From

the standpoint of the emotional indicators, it can be stated

that the static method product compared with vermicom-

posting final product had slightly more pleasant smell. Both

products had good quality and were satisfying. The static

final product in terms of attracting insects was better than

the final product of vermicompost. Comparing final prod-

ucts with Iranian standards, USEPA and CCME show that

both methods have stabilized input wastes (both input

materials containing 100 and 75% organic wastes) and

eventually led to produce good compost. The results indi-

cate that the processing time in ASP is about 15–20 days

shorter than of the processing and maturation time of

compost in the vermicomposting method. A stable and

mature vermicompost was obtained after 110 days which is

in agreement with the results of a similar research con-

ducted by Alvarez-Bernal et al. (2016). Gupta et al. (2007)

reported 147 days to obtain stable and mature

vermicompost.

Odours emitted from the composting piles along with

NH4–N:NO3–N determination, temperature and moisture

measurement as well as ammonia gas emissions measured

in two methods clearly show this matter. Owing to the

relatively high levels of total coliforms remaining in the

final product of vermicomposting pits, enough time

between the use of compost and harvesting be considered

for crops that are in contact with the ground. In terms of

CEC, the final product in the vermicomposting method had

better quality compared to the standards.

Finally, in terms of the economic assessment of the two

composting methods, it was observed that the ASP method

in long term (lifetime 10 years) has greater NPV compared

to vermicomposting, which will be more suitable for the

investor. The internal rate of return for ASP is 12.4%, and

it is 5.4% for the vermicomposting method. According to

the results, it can be concluded that the use of vermicom-

posting in order to convert household putrescible wastes

into compost and ASP for centralized management of

organic waste by rural municipalities could be more suit-

able, and adding 25% of cow manure to input materials

improves the quality of the final product.
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